As a kind of structure commonly used in satellite, carbon fiber composite honeycomb sandwich panels are vulnerable to various kinds of damage, especially low-velocity impact damage in the process of using. In this paper, an impact monitoring system based on Fiber Bragg Grating (FBG) sensor is constructed. The frequency domain information of the signal can be obtained by Fourier transform. Monitoring results of different impact points show that the natural frequency of structure is 110Hz and 380Hz, which amplitude of different natural frequency is changed with position of impact point. The energy status of impact response signal can be obtained by wavelet packet analysis. The monitoring results of the same impact point shows that the change of the sensor signal is obvious in thirteenth order and energy size is related to the distance and angle between the impact point and sensor.
INTRODUCTION
In the experiment, the honeycomb sandwich panels of carbon fiber composite materials are formed by the skin and the honeycomb core through adhesive film bonding, as shown in a paper [1] .The structure has high specific strength, high specific modulus, low thermal expansion coefficient, good dimensional stability, and low mass loss rate under vacuum condition. The structure is mainly used as all kinds of structural parts on the spacecraft, and it is often used in the satellite antenna, solar array substrate, etc., from a paper [2] . However, due to the brittleness of carbon fiber composites and honeycomb core, which suffered the impact of external low energy, internal easily damaged, resulting in degradation of the material performance and bring serious security risks, as known in a presentation at a conference [3] . Therefore, it is very important to monitor the impact of carbon fiber composite honeycomb sandwich panels.
The dynamic finite element program was used to analyze the process of the lowvelocity impact of the honeycomb panel, and the occurrence and extension of the damage was estimated, from a paper [4] . Vibration test and analysis of the nonlinear dynamic characteristics of the main structural material of the satellite (aluminum honeycomb sandwich panel) was carried out by Chen Changya, as shown in a paper [5] . The relationship between the impact damage area and the residual compressive strength of the laminates with different ply parameters and the damage area is analyzed by S.A. Hitchen, from a paper [6] .Domestic and foreign scholars have studied the impact of honeycomb sandwich panels containing aluminum honeycomb sandwich panels, and have achieved very good results.
In this paper, FBG sensors are used to monitor the carbon fiber composite honeycomb sandwich panels under low-velocity impact. FBG sensors have the advantages of anti-electromagnetic interference, good electrical insulation, corrosion resistance, small size, light weight, small transmission loss, large transmission capacity, wide measurement range, as shown in a paper [7~10] . The research results of this paper will provide reference for the energy density spectrum analysis of honeycomb sandwich panels with carbon fiber composites under low-velocity impact.
THEORETICAL ANALYSIS
Usually sense, if a signal is the time-frequency localization, then the response appears suddenly in a moment. The response duration is very short, and decays quickly to zero, we can learn it from a paper [11] . For example, in this paper, the carbon fiber composite honeycomb sandwich panels at a certain time by the lowvelocity impact, their energy is concentrated near the center frequency. The frequency band width is much smaller than the central frequency, whether from the time domain or frequency domain, the response signal is concentrated in a certain part.
In a simple way, the wavelet packet is a packet of wavelet. It is a family of functions, through which the families of these functions are constructed, and a variety of orthogonal bases are selected from the library. For a given orthogonal scaling function and the wavelet function, the scaling relation between them is:
In formula (1) and (2), ℎ 0 and ℎ 1 represent filter coefficients in multiresolution analysis respectively.
When the energy spectrum analysis is carried out using wavelet packet, the energy of the signal component can be defined as:
In formula (3), energy E f j i represents the energy size of the signalf j i (t).
In formula (3), energy E f represents the energy size of the signalf(t). Through the above two formulas calculation,
The original signal is decomposed by wavelet packet to get the signal component, these components of the band or part of the frequency band energy size will be changed. This provides a theoretical basis for the wavelet packet analysis of the original signal. The size of carbon fiber composite honeycomb sandwich panel specimen is 300mm*300mm*30mm.There are 4 assembly holes in the middle, and its diameter is 8mm. The test specimen adopts the way of single side fixing. The effective area of CFRP is 270mm*270mm, which is divided into the small lattice of 18mm, according to the experiment. A total of 9 FBG sensors are arranged on the surface of the test specimen. The first path consists of 5 FBG sensors, and the second path consists of 4 FBG sensors (see TABLEI and Figure 1 ). Each grid point of the specimen is tested by using the pendulum hammer. The pendulum hammer is made of a small ball. The diameter is 20mm, the quality of 32g. The impact angle is 60°, corresponding to the impact energy is 0.048J.
MONITORING SYSTEM
When the specimen is subjected to low-velocity impact load, the surface will be deformed, and the center wavelength of the sensor will be changed. FBG demodulator is used to monitor the change of the center wavelength of FBG. The change of FBG wavelength is proportional to the shape change, so that it can reflect the impact of the specimen. In the experiment, the FBG demodulator SM130 has 4 channels, which can simultaneously capture the variation of center wavelength of several FBG sensors. The sampling frequency of SM130 is 1 kHz (see Figure 2 ). 
IMPACT RESPONSE ANALYSIS
The results of Point A (54mm, 144mm), Point B (108mm, 144mm) and Point C (126mm, 162mm) are used to analyze the impact process (see Figure 3) . The impact process is monitored by the FBG demodulator SM130, and the analysis of the time and frequency domain of the signal is carried out.
Fourier transform is used to analyze the time domain signals, and the frequency domain results are obtained. The carbon fiber composite honeycomb sandwich panel contains two order natural frequencies, 110Hz and 380Hz, respectively (see Figure 4 and Figure 5 ). Among them, the amplitude of 110Hz in frequency domain is larger than that of 380Hz. The amplitude of the corresponding frequency is related to the position of the impact. When the impact point is the same as the axial angle of the FBG sensor, as shown in Figure 3 Point A and Point B, in the natural frequency of 110Hz, the impact of the Point B corresponding to the amplitude is greater than the impact of the point A of the results. In the strain sensing theory of FBG sensor, the sensor is sensitive to the axial stress, and the closer the impact point is, the greater the signal received by the sensor is. The distance from Point B or Point C to the center of the FBG sensor center is equal, but the angle between Point B and sensor axis is less than Point C. The amplitude of the Point B corresponding to the natural frequency of 110Hz is greater than Point C, which can be seen from Figure 5 . In the strain sensing theory of FBG sensor, the sensitivity of the FBG to the axial stress is much higher than the value of the radial, and the experimental results are consistent with the theory. From the above results, it is not difficult to find that the amplitude of the first order natural frequency can represent the impact of different position on the honeycomb sandwich panel structure of carbon fiber composite. 
ENERGY ANALYSIS OF IMPACT RESPONSE SIGNAL
Energy analysis of IMPACT response signal monitored by FBG sensors is received by wavelet packet. Daubechies wavelet has the compact support set, the localization ability is strong, and the application precision is high, as shown in a paper [12] . In the experiment, the dbN wavelet is used to deal with the signal, and the decomposition scale is chosen as 5. Decomposition is obtained in turn from the low frequency to high frequency, a total of 32 original signal of the characteristic component signal. Then, the original signal is approximated by the characteristic signals, and the energy spectrum of the 32 order wavelet packet is obtained by calculating (see Figure 6 and Figure 7) . It is not difficult to find that the thirteenth order signal is the largest energy column in addition to the first order, so it can be considered that this order signal can represent the relevant information of the CFRP specimen at the resonant frequency of 110Hz. The thirteenth order wavelet packet energy is denoted as E 13 . distance to specimen frame parts is equal. The three FBG sensors are in the same condition. In Figure 8 , E 13 of FBG1.3 is larger than FBG1.2, and E 13 of FBG1.2 is larger than FBG1.1. Under the condition of the same fixed support condition, when the distance between impact position and sensor is same, the impact energy monitored by FBG is related to the angle between the position of impact point and the axial direction of sensor. The smaller the included angle, the greater the energy of the impact response signal is monitored by sensors. Analysis of the sensor by FBG is related to the distance between the position of impact point and position of sensor. The smaller the distance, the greater the energy of the impact response signal is monitored by sensors. Taking FBG1.5 as an example, the energy condition of the FBG sensor is analyzed when the position of the impact point is changed. Thirteenth order wavelet packet energy is selected, and the energy of the monitoring signal is drawn (see Figure 9) . From the graph, we can find that the energy value is bigger when the impact point is closer to FBG, the energy decays rapidly when the distance becomes larger. In the vicinity of the two fixed points on the left, the reflection of the shock wave occurs. The same phenomenon takes place in the upper right corner and the lower right corner. When the position of the impact point is in assembly holes, the energy received by FBG is great, which shows that we can use FBG sensors to monitor the position of assembly holes. 
CONCLUSION
Carbon fiber composite honeycomb sandwich panel is a new type of satellite structure material; it is easy to be subjected to various kinds of impact during service, especially the impact of low energy. To solve this problem, a real-time monitoring system based on FBG sensors is proposed in this paper. The impact process is monitored by the FBG sensors arranged on the different positions of the specimen.
When any point of the carbon fiber composite honeycomb sandwich panel is under low-velocity impact, it is found that the specimen contains two natural frequencies, respectively, for the 110Hz and 380Hz.The amplitude of 110Hz changes significantly, with a certain significance, from which it can be learned that the influence of low-velocity impact on the honeycomb sandwich panels.
After the energy spectrum analysis of monitoring signals from each FBG sensor with wavelet packet, the following conclusions can be obtained: the impact of different positions, natural frequencies corresponding to 32 order wavelet packet energy each are not identical, which the 13th order wavelet packet energy changes larger; the two factors of the angle between the position of impact point and the axial direction of sensor as well as the distance between impact position and sensor determine the energy size of wavelet packet.
This paper gets the energy with wavelet packet decomposition to draw the FBG monitoring signal energy map, which is the innovation of this paper. Through this energy diagram, we can see the carbon fiber composite honeycomb sandwich panels under low-velocity impact very intuitive.
